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© Improved hydroconversion catalyst and process. 



© An improved hydrocarbon conversion catalyst 
comprising one each of molybd enum or tungst en 
and of cobalt and/or nic keL-incocp.orated into a 
titania-containing g amma alurj oJaa_su p port prepared 
by mulling the appropriate ingredients, extruding and 
drying and calcining the extrudat© obtained. The 
catalyst is suitably applied in hydrodenitrification and 
hydrodesulphurization processes. 
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IMPROVED HYDROCONVERSION CATALYST AND PROCESS 



The present invention relates to a hydroconver- 
sion catalyst having improved properties with re- 
spect to hydrodenitrification <HDN) and hydrodesul- 
phurization (HDS) activity. The invention also re- 
lates to a hydroconversion process using an im- 
proved catalyst. 

Considerable research has been undertaken to 
develop and commercialize new, cost effective, 
highly active hydroconversion catalysts for large 
volume first stage hydrocracking and catalytic 
cracking feed hydrotreating applications. The inclu- 
sion of significant amounts of 535° C* residual 
components, including cracked stocks, in the hy- 
drocarbon feeds to these processes has created 
severe activity and stability problems for the cata- 
lysts currently being used commercially- Feed- 
stocks frequently contain large amounts of nitrogen 
and/or sulphur compounds which must be removed 
in the hydroconversion process. Currently the most 
active catalysts with hydrodenitrification and/or 
hydrodesulphurization activity comprise nickel-mo- 
lybdenum, nickel-tungsten, and cobaft-molybdenum 
supported on a gamma alumina carrier. 

The use of alumina-titania supports for such 
catalysts is disclosed by Katzer at a! En 
"Development of Superior Denitrogenation and 
Isomerization Catalysts for Processing Crude Oil 
from Shale*, Part II; Interim Report Department of 
Chemical Engineering; University of Delaware, 
1S81. According to this reference, these supports 
are prepared by the co-precipitation of aluminium- 
end titanium -containing materials. Co-precipitation, 
however, is an extremely expensive process and ft 
would be desirable to find more commercially suit- 
able methods for preparing these catalysts- It has 
now been found that when alpha alumina mon- 
ohydrate is mulled with titanium dioxide in the 
presence of a selected amount of acetic acid, a 
carrier is produced that when used as basis for 
hydroconversion catafyst(s) containing 

nicket/cobatt/molybdenum/tungsten, such catalyst- 
(5) have improved hydrodenitrification and 
hydrodesulphurization properties. 

The present invention thus relates to a hy- 
drocarbon conversion catalyst with improved 
hydrodenitrification and hydrodesulphurization ac- 
tivity comprising one each of molybdenum or tung- 
sten and of cobalt and/or nickel incorporated into a 
titania-containing gamma alumina support which is 
prepared by a) mulling alpha aluminium mon- 
ohydrate, titanium dioxide In a molar ratio of AIjOj; 
TiO, ranging from 3:1 to 15:1, acetic acid in a 
concentration ranging from 2.5 parts to 3.5 parts of 
acetic acid per 100 parts of AUOj and sufficient 



water to provide an extrudable mixture, b) extrud- 
ing the mulled mixture to produce an extrudate and 
c) drying and calcining the extrudate of step b at a 
temperature ranging from 400 °C to 800 °C. 
s The key to providing hydrocarbon conversion 

catalysts with improved hydrodenitrification and im- 
proved hydrodesulphurization activity involves the 
use of a special titania-containing gamma alumina 
support 

to Basically the process for preparing the instant 

support comprises muliing together 4 components: 
alpha aluminium monohydrate, titanium dioxide, 
acetic acid, and water: extruding the mulled ma- 
terial; drying and calcining the extruded material. 

rs The muliing procedure involves the addition of 

alpha alumina monohydrate powder and titanium 
dioxide powder to a mulling machine. The dried 
powders are frequently premixed at this point. 
Then, water and acetic acid are added to the 

zq powders in the muiier and the entire mix is mulled 
for sufficient time to provide a piasticized mix suit- 
able for extruding. The amount of alpha aluminium 
monohydrate and titanium dioxide utilized will typi- 
cally range from 3:1 to 15:1, preferably from 5:1 to 

25 12:1 molar ratio of AI a Oj:TiOi.-The amount of acetic 
acid utilized will range from 2.5 to 3.5 parts of 
acetic acid per 100 parts of AUO». The amount of 
acetic acid added appears to be critical in the 
production of hydroconversion catalysts in accor- 

30 dance with the present invention. Insufficient acetic 
acid will not provide for sufficient peptization to 
allow the mixture to be extruded. Excess acetic 
acid apparently affects the pore volume distribution 
of the material such that unsatisfactory catalysts 

as are obtained. The amount of water added is suffi- 
cient to allow an extrudable mass to be produced- 
The amount added will depend on many extruder 
variables, such as die size, extrusion pressure and 
the like. The amount of water to be added can 

40 generally be obtained using routine experimenta- 
tion with the extruder apparatus involved. Typically 
the loss on ignition (LOl) is of the order of 50 to 
60% by weight. The mulling times utilized are 
generally long enough to provide a homogeneous 

45 piasticized mass. Times are not critical and are 
determined normally by routine experimentation 
utilizing the extruding apparatus. Times will typi- 
cally range from .1 to 10 hours. After muiling the 
material is extruded, dried and calcined. Drying 

so temperatures are not critical and typically range 
from 50 to 150"C- The drying conditions should bs 
sufficient to substantially reduce the water content 
of the material sufficiently so that excessive evap- 
oration and production of steam upon subsequent 

55 
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calcination does not result in decrepitation of the 
extruded material. After drying the material is cal- 
cined, typically at a temperature ranging from 400 
Q G to 8Q0 °C. The duration of calcination generally 
lasts for at least one hour and typically ranges from 
1 to 10 hours. In many cases the drying and 
heating step can be combined in one step wherein 
the temperature is gradually increased over a pe- 
riod of time to allow the material to dry and then 
further increased to the calcination temperature. 

After calcination the catalyst carrier is then 
ready to be "impregnated with the suitable catalyt- 
Icaliy active metals. Impregnation techniques as 
utilized herein are conventional. An aqueous solu- 
tion is prepared of a compound of molybdenum or 
tungsten and of cobalt and/or nickel and utilized to 
impregnate the carrier. Exemplary of the molyb- 
denum or tungsten compounds which can be used 
to prepare the impregnating solution are ammo- 
nium heptamolybdate, ammonium dimolybdate. 
molybdic acid, molybdic oxide, molybdenum blue, 
ammonium metatungstate, ammonium paratung- 
state, tungstic acid, tungstic oxide and the like. 
Exemplary of the nickel and/or cobalt compounds 
suitable for use in the Impregnating solution are 
salts such as the nitrates, sulphates, sulphides, 
fluorides, chlorides, bromides, phosphates, ace- 
tates, and the carbonates, salts of ammonium com- 
plexes and the like. Suitable solubiiizing agents 
may be added to the impregnating solution to aid 
in the dissolution of the metal compounds such as 
for example acids, bases such as ammonia, the 
amines and the like, 

in preparing catalysts In accordance with the 
present invention, it is frequently desirable to add a 
stabilizing amount of phosphorus. This is conve- 
niently added by adding a phosphorus compound 
to the impregnating solution. Exemplary of phos- 
phorus compounds are the phosphorus acids such 
as orthophosphoric, mataphosphoric, 

pyrophosphoric, phosphoric acids and salts of 
these acids such as ammonium and ammonium 
hydrogen salts. When utilized, phosphorus is suit- 
ably present in an amount of 0.2-1 mole of phos- 
phorus per mole of molybdenum or tungsten. 

The impregnation should be sufficient to de- 
posit from 1 to 5 per cent by weight cobalt and/or 
nickel, and particularly from 2.5 to 4 per cent by 
weight cobalt and/or nickel and from 10 to 16 per 
cent by weight molybdenum or from 10 to 32 per 
cent by weight tungsten. 

As a general ruie, the amount of impregnating 
solution applied to the titania containing support 
should be sufficient to at least substantially fill the 
pore volume of the composition. A slight excess 
may be utilized in order to effect deposition of the 



greatest amount of active constituents In a sfngfe 
step. However, it is not necessary, within the con- 
cept of this Invention, that the total amount of 
active constituents bs added to the support in a 
5 single impregnating step. As a result the impregna- 
tion can be effected by sequential spraying and 
intermittent drying of the oxide support or by se- 
quential dipping of the support into a relatively 
dilute solution of the active ingredients* Preferred, 

io however, is the single step impregnation wherein 
the amount of impregnating solution is substantially 
equivalent to the pore volume of a composition to 
be Impregnated. 

After impregnation the catalyst material is then 

re dried and calcined at a temperature ranging from 
400 °C to 800 °C. Drying here again is not critical 
and must be sufficient to remove enough water 
such that the catalyst does not decrepitate upon 
calcination. The drying and the calcining may be 

so combined in one step. 

in their active form, metal constituents con- 
tained in the catalyst compositions of this invention 
should be fn the form of either the free metals, the 
oxides or corresponding sulphides, the sulphided 

25 form baing particularly preferred. Th© metal con- 
stituents are- of course converted to the corre- 
sponding oxide upon calcination in an oxidizing 
atmosphere. If the corresponding metaf form is 
desired, reduction of the oxide subsequent to cal- 

ao cinatlon by contacting with a reducing atmosphere 
such as carbon monoxide, hydrogen and the like, 
can be easily effected by procedures generally well 
known in the art Conversion of the calcined oxide 
form to the preferred sulphide form can be easily 

as effected by contacting the calcined composition 
with a sulphiding medium such as hydrogen sul- 
phide, carbon disulphide, elemental sulphur, 
thtoethers and thiols containing up to 8 carbon 
atoms per molecule. In most instances it is pre- 

40 ferred that the sulphur donor be contacted with the 
oxide or free metal form of the active metal in the 
presence of hydrogen. Sulphiding can be effected 
by simply contacting with the sulphur donor. How- 
ever, it is presently preferred that the calcined 

45 catalyst be contacted with a dilute form of the 
sulphiding agent such as a stream of 50 per cent 
or less hydrogen sulphide in hydrogen. Tempera- 
tures involved in these procedures can vary con- 
siderably and are usually within the range of from 

so ambient temperature up to 370 °C. Sulphiding with 
carbon disulphide or hydrocarbon sulphur donors 
such as the thioethers and thiols, is often conve- 
niently effected by dissolving the sulphur donor in 
a solvent and contacting the calcined composition 

ss with the resultant solution. The most suitable and 
readily available solvents are the relatively low boil- 
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fng hydrocarbons such as benzene and kerosene 
and include aromatic, aliphatic, arylatkyl and al- 
kylaryt hydro carbons usually containing less than 
about 10 carbon atoms per moiecufe. However, 
certain (imitations on suiphiding temperature should 
be observed when employing such hydrocarbon 
solvents in view of the fact that some hydrocrac- 
fcing wilf of course occur if the temperature ex- 
ceeds the incipient cracking temperature during the 
suiphiding step. Contacting of the catalyst com- 
position with a suiphiding medium should be con- 
tained for a period sufficient to convert a substan- 
tial proportion of the active metal oxide to the 
corresponding sulphide. The rate of suiphiding will 
of course depend upon the concentration of the 
suiphiding medium and the temperature at which 
suiphiding is effected. Optimum conditions can be 
easily determined empirically. However, contact 
times of at least about 10 minutes should be em- 
ployed under any circumstances and are usually 
within the range of 30 minutes to 10 hours. It 
should also be observed that the compositions in 
accordance with the present invention can also be 
sufphided in situ by contacting witfi the hydrocar- 
bon feed containing organosulphur compounds, 
particularly thiols and thloethers which are known 
to be present in many hydrocarbon process 
streams. 

Suitable hydrocon version conditions for pro- 
cesses using improved catalysts according to the 
present invention are as. follows: a temperature of 
350-420 "C; a total pressure of 75-200 bar; a 
partial hydrogen pressure of 60-200 ban a space 
velocity of 0.4-1.5 kg oilfl catalyst/hour; and a hy- 
drogen feed rate of 250-2500 Ni/kg oil feed. The 
hydrodenitrification and hydrodesulphurization of a 
heavy oil feed according to the present process is 
preferably carried out under the following condi- 
tions: a temperature of 260-410 °: a total pressure 
of 100-150 bar; a partial hydrogen pressure of 80- 
150 bar; a space velocity of 0,4-1.0 kg oil/I 
catalyst/hour; and amydrogen feed rate of 500- 
1500 N1/kg oil feed. The hydrogen applied can be 
pure hydrogen or a hydrogen-containing gas. pref- 
erably one comprising more than 70% of hydro- 
gen. The hydrogen-containing gas may also con- 
tain up to about 10% of hydrogen sulphide. 

The present invention also relates to hydrocon- 
version processes using improved catalysts as de- 
scribed hereinbefore, in particular to 
hydrodenitrification and hydrodesulphurization pro- 
cesses. 

The invention will now be illustrated by means 
of the following Examples. 



Example 1 



Preparation of the titania support 

5 

800 g of alpha alumina monohydrate powder 
and 69.7 g of titanium dioxide powder (Rutite from 
Titinox Corporation) were added to a countercur- 
rent batch mutter and premixed dry for 30 minutes, 

io Then 630 g of water and 24 g of acetic acid were 
added to the muller over a 2 minute period and this 
mixture was mulled for 30 minutes. An additional 
71 g of water were added to the mixture and 
mulling was continued for an additional 15 minutes. 

is The material was then extruded and dried at 150 
"C for 12 hours. It was then calcined for 2 hours at 
566 °C. 

Catalyst preparation 

so 

15.36 g of ammonium dimolybdate were mixed 
with 33 ml of 24 per cent ammonium hydroxide 
and this was heated to 32 "C. 3.78 g of nickeKII) 
carbonate were added to the thus prepared solu- 

25 lion. This impregnating solution was then utilized to 
impregnate 50 g of the carrier prepared as de- 
scribed hereinabove. The impregnated carrier was 
dried at 120 °C in a vacuum for 12 hours. After 
drying the catalyst was calcined at 480 °C for 1 

so hour in air. The catalyst was then activated by 
contacting it with a hydrogen-hydrogen sulphide 
stream at 200 °C for 2 hours, 260 "C for 1 hour 
and finally at 370 °G for 2 hours (catalyst 1). 

35 Comparative Example A 

A catalyst was prepared similar to that de- 
scribed in Example 1 except that no titania was 
added to the alpha alumina monohydrate. Thus, a 
40 catalyst A was obtained having as a support only 
gamma alumina. 

Comparative Example B 

4s A catalyst B was prepared similar to that de- 

scribed in Example 1 except that 1 %wt (8 g) 
acetic acid was used. 

CataJyst testing 

so 

Catalysts t, A and B were tested utilizing a 
catalytically cracked heavy gas oil (CCHGO). The 
feed contained 87.82 %wt C, 8.70 %wt H, 0.62 %w 
0. 2.77 %wt S amd 852 ppm N and had a motecu- 



4 



lar weight of 231 . Its 25% boiling point (<3LC) was 
320 "C and its 90% boiling point was 380 "C, The 
results of the comparative testing are shown in 
Table 1. 
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Claims 



1. A hydrocarbon conversion catalyst with im- 5 
proved hydrodenitrification and hydrodesulpjiu riza- 
tion activity ^mp.a$jog_oj ^0ac^ ^L ^lybdenufri > 

Irito^a ^^tania-cont aj^^ alumina s uggpjt--'' 

whi ph~support is prepanB^by^ ~~~ ~~ to 

a) mulling aipha alumina monohydrate, titanium 
dioxide in a molar ratio of AfidrTid ranging 
from 3:1 to 15:1, acetic acid in a concentration 
ranging from 2.5 parts to 3-5 parts of acid per rs 
100 parts AUO, and sufficient water to provide an 
extrudable mixture, 

b) extrudfng the mulled mixture to produce an 
extrudate, and 20 

c) drying and calcining the extrudate of step b at 
a temperature ranging from 400 "C to 800 °C. 

2. A catalyst according to claim 1 wherein the 25 
molar ratio of AJjO^TiOj ranges from 5:1 to 12,1. 



3. A catalyst according to claim 1 wherein the 
catalyst contains 1 to 5 per cent by weight cobalt 
and/or nickel and 10 to 16 per cent by weight 
molybdenum or 10 to 32 per cent by weight 
tungsten. 

4. A catalyst according to one or more of claims 
1-3 wherein the catalyst also contains 0.2-1 mole 
of phosphorus per mole of molybdenum or tung- 
sten. 

5. A catalyst substantially as described herein- 
before with reference to Example 1 . 

6. A process for the hydroconversion of hy- 
drocarbon feeds wherein use is made of a cata- 
lyst as claimed in one or more of claims 1-5. 

7. A process according to claim 6 wherein the 
eataVyst is used in the hydrodenitrogenation and 
bydrcdesulphurization of heavy gas oil. 

8. A process according to claim € or 7 wherein 
use is made of a catalyst which has beeb sui- 
phided. 
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